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Abstract
A novel promising route for creating topological states and excitations is to combine su-
perconductivity and the quantum Hall (QH) effect [1,2]. Despite this potential, signatures
of superconductivity in the quantum Hall regime remain scarce [5–11], and a superconduct-
ing current through a QH weak link has so far eluded experimental observation. Here we
demonstrate the existence of a new type of supercurrent-carrying states in a QH region
at magnetic fields as high as 2 Tesla. The observation of supercurrent in the quantum
Hall regime marks an important step in the quest for exotic topological excitations such
as Majorana fermions and parafermions, which may find applications in fault-tolerant
quantum computations.
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The interplay of the quantum Hall effect with superconductivity is expected to result in
novel excitations with non-trivial braiding statistics such as Majorana fermions and non-abelian
Majorana anyons [1–4]. When a quantum Hall region is contacted by two superconducting elec-
trodes, the gapped QH bulk prevents the flow of a supercurrent. However, it was predicted
more than 20 years ago that the supercurrent may still be mediated by QH edge states [12]. Due
to its chiral nature, a single edge can only conduct charge carriers in one direction, so both
edges have to be involved in establishing supercurrent between the two contacts. This situation
is fundamentally different from the Josephson junctions made of two-dimensional topological
insulators, where each edge can support its own supercurrent [13–16]. Indeed, contrary to the
case of topological insulators, the magnetic field in the QH regime breaks time-reversal sym-
metry, which is essential for the s-wave pairing of conventional superconductors. Nonetheless,
we observe a robust supercurrent in the quantum Hall regime, which we attribute to an uncon-
ventional form of Andreev bound states circulating along the perimeter of the QH region and
involving electron and hole trajectories separated by several micrometers.
We performed transport measurements on four Josephson junctions (J1−4) made of graphene
encapsulated in boron nitride and contacted by electrodes made of a molybdenum-rhenium
alloy [Fig. 1a] [11], a type II superconductor with a high upper critical field of Hc2=8 T. The
high quality of these heterostructures allowed us to observe Fabry-Perot oscillations of the
junctions’ resistance and critical current, indicating that the transmission of charge carriers
between the contacts is ballistic [17]. The supercurrent is uniformly distributed along the width
of the contacts, as evidenced by the regular Fraunhofer pattern [18] measured at small magnetic
fields [17]. All junctions demonstrate supercurrent in the QH regime; for consistency, we choose
to present data measured on sample J1, which has a distance between contacts L= 0.3µm and
a width of the contacts W = 2.4µm (see Figure 1b).
Recent preprint reported on the observation of supercurrent through encapsulated graphene
in moderate magnetic fields, when the diameter of the cyclotron orbit is larger but comparable
to the length of the junction, 2rC ≥ L [19]. (Here, rC = ~kF/eB is the cyclotron radius.) This
supercurrent has been attributed to Andreev bound states made of closed trajectories connected
by several elastic and Andreev reflections, which yield pockets of superconductivity at random
values of density and field. We further explore this regime in the Supplementary Information.
In the main text, we demonstrate that a completely new regime emerges at even larger magnetic
fields, when rC is much smaller than the device dimensions and the mean free path. In this
regime, the bulk of the junction is gapped by Landau quantization so that a current may only
flow along the edges.
Figures 1c and d show the differential resistance of the sample, R ≡ dV/dI, plotted vs. back
gate voltage, VG, and magnetic field, B. The resistance is measured in a four-terminal configu-
ration where four MoRe electrodes merge into two contacts on each side of the junction (Figure
1b). The map in Figure 1c is measured with an AC excitation current IAC = 50 pA applied on
top of a large DC current of IDC = 6 nA, which suppresses supercurrent and highlights the QH
features. As B increases, a fan diagram characteristic of the quantum Hall effect in graphene
emerges: resistance plateaus follow contours of constant filling factor ν ≡ nh
eB
= ± 2, 6, 10,. . . [20]
This quantization becomes visible as soon as B exceeds the red parabolic contour 2rC = L
2
because device dimensions prevent the development of the quantum Hall effect at lower fields.
The dark region under the parabola (2rC > L) indicates a vanishing differential resistance as a
supercurrent of tens of nA may flow in this semiclassical regime [19].
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Figure 1: (a) Schematic of the encapsulated graphene heterostructure with molybdenum rhe-
nium contacts. (b) Schematic of the measurement setup. (c-d) Fan diagrams of the differential
resistance dV/dI plotted vs. gate voltage VG and magnetic field B. Panel (c) is measured at
a finite current bias of IDC = 6 nA which suppresses superconductivity in the QH regime and
reveals the quantized plateaus. Panel (d) is measured at zero DC current and shows super-
conducting pockets extending beyond the semiclassical parabolic region of 2rC ≥ L. (e) I − V
curves measured in a superconducting pockets at B = 1 T and the filling factor in the range
of ν ≈ 2. The supercurrent branch is clearly visible at the lowest temperature (40 mK) for
I < 0.5 nA. (f) The temperature dependence of the corresponding differential resistance, dV/dI.
The resistance reaches maximum at IS = 0.5 nA, at which point the junction switches from the
superconducting to the normal branch. (g) dV/dI measured as a function of temperature at
I = 0, showing gradual suppression of superconductivity at elevated temperatures due to the
phase diffusion.
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Figure 1d shows R(VG, B) measured simultaneously with Figure 1c using exactly the same
AC excitation of 50 pA, but without applying a DC current. Strikingly, pockets of supercurrent
extend far into the quantum Hall regime. They are visible as dark spots of vanishing resistance
above the parabolic contour. These pockets occur at somewhat random values of VG, but are
highly reproducible as the gate voltage is swept back and forth. To check that these regions
do indeed correspond to a supercurrent, in Figure 1e we show the I − V curves measured in
one of the superconducting pockets at at B= 1 T and VG = −4.7V. The curves demonstrate
a clear supercurrent branch, which extends up to I < 0.5 nA at the lowest temperature of 40
mK. We stress that at that particular point, rC ≈ 25 nm  L/2 = 150 nm. The correspond-
ing differential resistance (dV/dI) vanishes in the same range of currents (Figure 1f). The
maximum of resistance is reached at IS = 0.5 nA, at which point the sample switches from the
superconducting to the normal branch.
The curves in Figures 1e,f are extremely sensitive to temperature, the supercurrent being
washed away by T ∼ 500 mK. This energy scale is orders of magnitude below the critical
temperature of MoRe (≈ 10 K) and the energy splitting of the lowest Landau levels in graphene
(>100 K). It is however close to the Josephson energy, EJ = ~IC/2e, which is tens of mK
for critical currents of a few nA. For temperatures comparable to the Josephson energy, the
apparent switching current, IS, is expected to be suppressed by thermal fluctuations with
respect to the true critical current IC . This explains the observed IS of only 0.5 nA in Figure
1f. The thermal fluctuations also result in phase diffusion [18], which yields a finite junction
resistance even at zero DC current (Figure 1g).
To further illustrate the coexistence of the QH and the superconducting pockets, we show the
differential resistance of the same junction measured as a function of VG and the current bias I
at B= 1.4 T (Figure 2a). The QH plateaus are visible in Figure 2a as vertical stripes of different
color. Pockets of superconductivity appear around zero bias as dark minima of dV/dI. (At this
field, the cyclotron radius rC ≈ 15
√
ν nm is much smaller than device dimensions throughout
the map.) The solid black line in Figure 2b shows the cross-section of the dV/dI map taken with
a finite current bias of IDC = 3 nA, high enough to suppress any superconducting features.
Plateaus are clearly visible close to quantized values of R=h/(νe2), with ν = 2, 6, 10, . . . The
deviations from perfect quantization are common in two-probe measurements [21]. The gray line
corresponds to the cross-section measured at zero DC current, which clearly shows the regions
of suppressed differential resistance formed on top of the plateaus due to superconductivity.
Figures 3a-c show the differential resistance measured at three superconducting pockets as
a function of the bias current and magnetic field, which is varied in steps of 0.1 mT around
B = 1 T. The critical current exhibits a robust interference pattern as the magnetic field is
varied, with a period of 0.5 mT. Remarkably, this value is close to the period of the Fraunhofer
pattern measured on the same junction at very low fields (B < 10mT), when the current
distribution along the width of the junction is uniform (see Figure S3). However, the current
distribution becomes spatially inhomogeneous in the intermediate magnetic fields of tens of mT
and beyond, resulting in a very irregular pattern of the supercurrent vs. magnetic field (see
Ref. [19] and Figure S9). Therefore, the periodicity recovered at high field must be attributed
to a very different mechanism.
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Since at 1 T the bulk of graphene is clearly gapped, the periodic supercurrent must be
mediated by the edge states. However, the edge states with opposite momenta are located on
the opposite sides of the sample, separated by 2.5 to 4.5 µm in our junctions. This scale greatly
exceeds the coherence length of the MoRe electrodes (a few nanometers), which prevents the
direct coupling of the edges through a simple Andreev reflection. Below, we discuss a mechanism
that couples the edge states through the hybrid electron-hole modes which are formed at the
interfaces between the superconducting contacts and the QH region [22,23].
Due to the pairing gap, single particles cannot enter the superconducting electrodes and have
to form edge states along the superconductor-QH interfaces (Figure 3d). The electron and hole
states propagate in the same direction and are hybridized by the superconducting proximity,
resulting in chiral hybrid modes. Quasiclassically, one can picture the hybrid electron-hole
mode as a skipping orbit in which an electron and a hole are converted into one another on
each bounce from the superconductor [23] (Figure 3d). Depending on the transparency of the
interface, such a mode could have various degrees of mixing between its electron and hole
components. In particular, for perfectly transparent interfaces, it becomes a neutral mixture
of the two carrier types, similar to the Majorana modes.
The hybrid modes provide a coherent reservoir of correlated electrons and holes, which is
spread over the length of the superconducting electrode and thus could couple the edge states
on the opposite sides of the sample [24] (Figure 3d). Specifically, an electron approaching the top
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Figure 2: (a) Differential resistance dV/dI measured at 45 mK as a function of bias current I
and gate voltage VG at constant B = 1.4 T. Filling factors are indicated in bold white font on
panel (a). QH plateaus are clearly visible as stripes of different colors around filling factors
ν = 4(n + 1/2) with an integer n. Pockets of superconductivity appear as dark regions close
to zero current. (b) Line cuts of dV/dI in the same range of VG, measured at zero DC current
(gray) and at IDC = 3 nA (black) applied to suppress the supercurrent. The dashed curve is
identical to the black one, but scaled by a factor 0.2 to demonstrate the ν = 2 plateau. Inset:
dV/dI vs. I for one of the prominent superconducting pocket at ν = 6 indicated in panel (a)
by a vertical dashed line.
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Figure 3: (a-c) Differential resistance dV/dI measured at 40 mK as a function of bias cur-
rent I and incremental magnetic field δB around B = 1 T. The three panels correspond to
the superconducting pockets which are located at gate voltages of (a) −5.1 V (b) −2.2 V and
(c) −2.6 V. In all three cases, the critical current oscillates with the same period of 0.5 mT,
which is close to the period of the Fraunhofer pattern at small fields (Figure S3). (d) Right:
schematics of the Andreev bound states, made of the electron and hole states on the opposite
sides of the sample, which couple through the hybrid electron-hole modes running along the
superconductor-QH interfaces. Left: these chiral hybrid modes are made of electron and hole
edge states mixed through the Andreev processes, as described in the main text. (e,f) Maps
of dV/dI as a function of δB and VG, measured at (e) zero IDC and (f) IDC =3 nA when the
supercurrent is suppressed. Clearly, the superconducting features of panel (e) demonstrate the
same magnetic field periodicity of 0.5 mT as found in panels (a-c), while the normal resistance
in panel (f) is almost field-insensitive in this field range.
contact along the right edge of graphene must be converted to the hybrid electron-hole mode,
which then propagates along the graphene-superconductor interface to the left. Here, it has a
finite amplitude of coupling to the left QH edge state as a hole, which then flows to the bottom
contact. The loop is completed by the hole conversion into the hybrid mode at that contact,
and by its subsequent coupling to the original electronic state at the bottom right corner [24].
This mechanism shuttles one Cooper pair between the contacts, coupling in the process the
single-particle edge states separated by microns. Note that the process of an electron entering
and a hole leaving the hybrid mode may be viewed as a perfect crossed Andreev reflection over
distances of several microns.
To substantiate this scenario, we study the dependence of the superconducting features on
the magnetic field and the gate voltage (Figure 3e,f). Here, panel (f) is measured at IDC = 3
nA, exceeding the supercurrent, while panel (e) is measured at zero DC current and shows sup-
pressed resistance when supercurrent flows between the contacts. Clearly, the normal features
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in Figure 3f are almost field-insensitive, while the superconducting features in Figure 3e exhibit
the same magnetic field periodicity as in Figures 3a-c. Remarkably, the phase of these features
depends on VG.
Indeed, the quantized phase of Andreev bound states in panel (e) is made of two contribu-
tions: the Aharonov-Bohm phase due to the magnetic flux through the junction, and the phase
accumulated by carriers completing the loop trajectory. The first term yields the magnetic field
periodicity of Figure 3a-c and 3e. The second term is determined by the carrier momentum
and therefore depends on VG. To keep the total phase constant, the contributions of the two
phases have to cancel, resulting in the diagonal contours of constant phase in Figure 3e. Note
that Figure 3e rejects a hypothetical alternative scenario in which each edge would support
a separate superconducting path, like in the case of 2D topological insulators. Indeed, their
interference phase would only depend on B and not on VG, resulting in the decoupling of the
gate voltage and magnetic field dependencies. This would give rise to vertical strips in Figure
3e, contrary to our observations.
The nature of hybrid mode propagating along the superconducting interface likely explains
the extreme sensitivity of the supercurrent to VG. Indeed, mesoscopic details of the supercon-
ducting interface (such as the contact roughness, fluctuations in the interface transparency, or
the presence of disorder) should strongly affect the relative phase and amplitudes of the electron
and hole components of the hybrid mode. These in turn determine the coupling of the hybrid
mode to the QH edge states at the corners of the sample (Figure 3d), likely resulting in the
mesoscopic fluctuations of the superconducting current as VG is varied.
In conclusion, we have measured supercurrent through a quantum Hall region, which is
mediated by the Andreev bound states encompassing the edge channels on the opposite sides
of the sample. These states are decidedly noninvariant under time reversal, and observing
them makes an important step toward the realization of artificial superconducting hybrids in
the quest for Majorana fermions and other exotic topological excitations proposed in Refs. [1–3].
Fractional quantum Hall states in graphene [25,26], which emerge in fields as small as 5 T [27],
should bring these proposals into the realm of possibility. We also anticipate that control of
these excitations will be greatly facilitated in 2D graphene nanostructures, where edge channels
can be easily manipulated, split, and combined by the application of gate voltages.
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1 Device Fabrication
Graphene and boron nitride flakes are exfoliated on separate silicon wafer pieces with a 300 nm-
thick thermally grown oxide without prior oxygen plasma treatment. A 2×2 mm piece of
polydimethylsiloxane (PDMS) is then adhered on a glass slide and treated in oxygen plasma
for 1 min (60W, 250mTorr). A 1µm thick film of polypropylene carbonate (PPC) is spin-
coated on a bare piece of a silicon wafer and baked at 80◦C for 10 minutes. The PPC film
is then mechanically peeled from silicon, which is facilitated by thicker PPC edge beads near
the substrate edges, forming a relatively rigid frame. The PPC film is then carefully deposited
on the PDMS stamp and baked 10 min at 80◦C. In order to pick up flakes from their original
substrate, the PDMS stamp is brought into contact with the flake as slowly as possible and
baked at 50◦C; the flake is then usually picked up by the stamp as it is lifted. In order to
deposit the assembled stack on the final substrate, the stamp is then baked at 90 to 110◦C and
peeled off very slowly as the stack stays on the substrate.
The resulting stacks usually have smooth defect-free terraces over several microns, separated
by bubbles of trapped adsorbates[S1]. When the distribution of bubbles is not suitable for the
fabrication of a defect-free device, we found that mild heating of the stacks at temperatures
ranging from 200◦ to 250◦C often allows bubbles to migrate and rearrange into a different,
more favorable distribution as terraces of BN/Graphene/BN “self clean”. It is critical that the
final mesa of the device is positioned in the middle of a terrace free of defects as evidenced by
Raman spectroscopy [Fig. S1b].
’Electrical contacts to the flakes are patterned using e-beam lithography. The superconduct-
ing contacts are patterned with relatively thick PMMA (450 nm), then reactive-ion etched in a
CHF3/O2 mixture (flow rates 40/6 sccm) at 1 Pa and 60 W power. Etch time varies between
90 and 210 seconds depending on the initial thickness of the stack.
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Supplementary Figure 1: (a) Schematic of the device: graphene is encapsulated between boron
nitride layers and contacts are made of molybdenum-rhenium alloy. A doped silicon back gate
controls the carrier density in the sheet. (b) Raman spectrum of an encapsulated graphene
flake prior to patterning, which shows the h-BN G-peak at 1360 cm−1, the graphene G peak at
1580 cm−1 and the 2D band at 2680 cm−1. The particularly large 2D/G peak ratio hints at the
quality of the heterostructure. (c) Two terminal resistance of J3 measured at 6K, above the
critical temperature of the junction.
Superconducting contacts are then directly deposited using the same PMMA mask in a
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DC magnetron sputterer, which results in self-aligned quasi-one-dimensional contacts[S2]. The
target consists of Molybdenum Rhenium alloy (50/50 wt%) with 99.9% purity. The chamber
pressure during sputtering reaches 2 mTorr, with a power of 160 W and a rate of approximately
50 nm/min. A schematic of the final device is shown on Figure S1a. Table 1 lists the devices
included in this study with their geometric parameters. Here, L is the distance between the
superconducting contacts, and W is their width.
2 Evidence for ballistic transport at zero field
Figure S1c shows dV/dI (VG) for junction J3 measured at 6 K, above the critical temperature of
the device. A narrow Dirac peak is visible at VG≈ -2 V, separating the electron and hole-doped
regimes. The electron-hole asymmetry is typical for two-terminal resistance measurements and
comes from the work function mismatch between the metal contacts and graphene; in our case,
it yields n-doping of graphene at the contacts.
Figure S2a shows the voltage V across the junction as a function of current bias I and the
gate voltage VG measured at 1.4 K. Current flows without dissipation below the switching cur-
rent IS (dark blue region indicating a vanishing voltage V across the junction), beyond which
point the junction switches to the normal state and a finite voltage appears. As expected, the
switching current is minimal at the charge neutrality point. Furthermore, it is significantly
smaller in the p-doped regime compared to the n-doped regime. The suppression is a result
of the PN junctions formed close to the contacts. The partial reflections from the PN junc-
tions also induces Fabry-Perot interference pattern, which can be observed in oscillations of
the critical current (Figure S2b). Oscillations are expected whenever the phase accumulated
across the junction kFL is a multiple of pi. We observe a periodicity ∆kF ≈ 6.4×106 m−1,
in good agreement with the expected 4.8×106 m−1 for a 650 nm-wide cavity. The measured
δkF would correspond to an effective cavity length of 490 nm. This length corresponds to
the distance between PN junctions induced by the contacts in the hole doped regime and is
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Supplementary Figure 2: (a) Voltage across the junction |V (VG, I)|measured at T = 1.8K on J3.
(b) Close-up view of the Fabry Perot oscillations in the critical current from kF = 3×107 m−1
to 11×107 m−1. (c) Differential resistance dV/dI (V ) showing Fabry Perot oscillations as a
function of bias V in the normal state at VG = -8.1V.
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therefore expected to be shorter than the actual length of the junction. The existence of these
Fabry-Perot oscillations suggests that electrons contributing to supercurrent travel ballistically,
as observed recently in short Josephson junctions[S2−S5]. The resonant transmission of charge
carriers through the cavity is also observed in the bias dependence of dV/dI, similar to Ref. S4
[Fig. S2c].
3 Homogeneity of the current distribution
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Supplementary Figure 3: a-d: Fraunhofer patterns for junctions J1−4, measured at T = 30 mK
in the electron-doped regime: VG = 6 V (J1−3) and VG = 3.1 V (J4).
As a small magnetic field is applied perpendicular to the plane of the Josephson junction,
the conventional Fraunhofer-like interference pattern appears in IC(B), indicating that the
supercurrent is uniformly distributed across the width of the junction (Figure S3)[S6]. The
critical current vanishes whenever an integer multiple of magnetic flux quanta Φ0 ≡ h/2e are
threaded through the junction. The flux though graphene is enhanced due to flux focusing by
the superconducting leads[S7], which in our case are wider than the graphene region. We can
estimate the effective flux focusing area as the area of the MoRe region that is closer to the
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graphene interface than to any other edge. Depending on the width of the the two contacts
C1,2, this area is on the order of W
2/2 or W × (C1/2 + C2/2), (whichever is smaller). Once
flux focusing is included, the expected periodicity is close to our observations, summarized in
Table 1.
Table 1: List of samples
Device name Length Width Estimated Flux Expected Measured
Focusing Area period period
J1 0.3µm 2.4µm 2.9µm
2 0.6 mT 0.6 mT
J2 0.8µm 2.4µm 2.3µm
2 0.5 mT 0.7 mT
J3 0.65µm 4.5µm 3.7µm
2 0.3 mT 0.3 mT
J4 0.5µm 2.7µm 2µm
2 0.6 mT 0.8 mT
4 Fan diagrams and superconductivity
Figure S4 explicitly shows the location of our measurements performed on junction J1 on top
of the QH diagram. The diagram itself is measured with a 50 pA AC excitation and zero
DC bias, similar to Figure 1d, which explains why the quantum Hall plateaus are eroded by
superconducting regions (black spots). Red circles indicate the superconducting pockets shown
in Figure 3a-d in the main text. The purple ellipse is the area used in Figure 3d and e to
display magnetic interference patterns. Green squares show the locations used to determine
the temperature dependence of superconductivity. The yellow rectangle is the area used for
Figure 2 in the main text.
Figure S5 shows an alternative representation of the coexistence of superconductivity and
the quantum Hall effect for junctions J1−3 (panels a, b and c respectively.) Instead of showing
two different maps at zero and finite DC bias we plot alternating lines measured at zero DC
bias and finite DC bias on the same fan diagram. Even lines are measured at finite bias and
show the conventional quantum Hall effect. Odd lines are measured at zero bias and often show
a lower differential resistance (darker), which vanishes in superconducting pockets. We cannot
extract a clear dependence on junction geometry yet, but signatures of superconductivity are
stronger in the shortest junction J1 and weaker in the longest, J2.
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Supplementary Figure 4: Locations of measurements shown on top of the quantum Hall fan
diagram of J1. The diagram is measured with zero DC bias, to demonstrate the superconducting
pockets that erode the QH plateaus (black spots).
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Supplementary Figure 5:(a) Fan diagram for J1 showing alternating lines taken at zero and
finite DC current.
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5 Additional temperature dependence of the supercur-
rent
We determined the temperature dependence of the differential resistance for several supercon-
ducting pockets in the quantum Hall regime. The main purpose of these measurements is to
verify that the switching current and the Josephson energy scale directly extracted from the
I −V curves are meaningful. Indeed, although very small switching currents are sometimes
taken to represent the true critical current (which determines the Josephson energy), it is clear
that the nA currents, with the Josephson energy in the range of tens of mK, will be strongly
affected by thermal fluctuations. In this regime, thermal excitation of the phase causes the
phase diffusion; measuring its temperature dependence allows for an independent verification
of the Josephson energy.
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Supplementary Figure 6: (a) Temperature dependence of dV/dI, measured on junction J1 at
VG = 4 V and B= 1 T from 60 to 500 mK. (b) Arrhenius plot of the minimum dV/dI vs. 1/T on
the logarithmic scale. A linear fit yields EJ ≈ 70 mK. (c) Temperature dependence of dV/dI,
measured on junction J1 at VG = -4.9 V and B= 1 T from 60 to 500 mK. (d) Arrhenius plot of
the minimum dV/dI vs. 1/T on the logarithmic scale. A linear fit at hight T yields EJ ≈ 30 mK.
Figure S6a shows the temperature dependence of dV/dI vs. I, measured on junction J1
at VG = 4 V and B= 1 T from 60 to 500 mK. An Arrhenius fit to the minimum of dV/dI vs.
T yields the Josephson energy scale of approximately 70 mK. This corresponds to a critical
current of IC ∼ 3 nA, compared to the measured switching current of IS = 1 nA. Indeed, at the
temperature of 40 mK, so that kT/EJ ≈ 0.5, the thermal fluctuations are expected to make the
measured switching current several times smaller than the true critical current. Additional data
measured on a different pocket is shown on Figure S6c,d, taken at VG = -4.9 V and B= 1 T.
It yields an extracted Josephson energy of 30 mK (IC ∼ 1 nA) for a switching current of
IS = 0.3 nA.
6 Bias and gate dependence of the supercurrent
Figure S7a shows dV/dI(VG, I) measured at 1 T and 65 mK for device J4. In that regime, rC
is much smaller than the dimensions of the device and the bulk of the graphene sheet is in
the quantum Hall regime. Vertical strips of constant resistance in Figure S7a correspond to
the quantum Hall plateaus. When applying a DC current of 2 nA, supercurrent is suppressed
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Supplementary Figure 7: (a) Differential resistance dV/dI measured at 65 mK as a function of
bias current IDC and gate voltage VG at B = 1 T. Pockets of superconductivity appear close to
zero current. (b) Line cut of dV/dI in the same range of VG, measured at a finite DC current of
2 nA applied to suppress the supercurrent. Plateaus of quantized resistance are clearly visible
at ν = 4(n+ 1/2) with an integer n.
and plateaus of dV/dI(VG) are observed [Fig. S7b]. Plateaus are better defined in the electron
doped regime as a result of the better transmission at the contacts. Regions of suppressed
resistance are visible around zero current. In magnetic field, these pockets demonstrate the
same types of interference patterns as shown in Figure 3 of the main text. We discuss them in
some detail in Figure S8 below.
7 Additional interference patterns in the quantum Hall
regime
Figure S8 demonstrates the oscillations of the critical current in magnetic field, similar to Figure
3 of the main text, here measured on J4. Figures S8a,b show the supercurrent oscillations in
superconducting bubble at VG = 0 V and VG = 55 mV around 1 T. Figure S8(c,d) shows another
example of the interference pattern as a function of VG and B, also measured on J4 with an AC
excitation of 50 pA at zero bias (c) and a finite bias of 1.5nA (d). While no field dependence
is noticeable in the normal state, an interference pattern with a period of 0.65 mT is visible
at zero bias. Similar to data shown in the main paper, constant phase contours depend on
both B and VG. Figure S8e shows the Fourier transform of panel (c). The periodicity of the
interference pattern in panel (c) yields the vertical band at the frequency 1/δB= 1.5 mT−1.
This band peaks at VG = 0 and 80 mV corresponding to major features on panel (c).
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Supplementary Figure 8: (a,b) Oscillation patterns of dV/dI(B, I) measured on device J4 for
VG = 0 V and VG = 55 mV at magnetic fields close to 1 T. (c,d) dV/dI(B, VG) maps measured on
device J4 with zero and 1.5 nA DC current close to 1 T. (e) Fourier transform of the map in (c),
which shows a band at 1/δB= 1.5 mT−1, corresponding to the periodicity of δB ≈ 0.65 mT.
8 Transport in the semiclassical regime
The primary focus of our work was the quantized regime, where the cyclotron orbit rC =
~kF
eB
is much smaller than both the mean free path and the device dimensions. Here we discuss
magnetotransport in the semiclassical regime rC & L, where the deflection of electron hole
trajectories is weaker, yet sufficient for the supercurrent not to be uniform in space.
Figure S9a shows the Landau fan diagram measured on J3 with a large excitation current
of 5 nA. The excitation current is sufficient to destroy superconductivity in the quantum Hall
regime, but a larger supercurrent can persist in the semiclassical regime, under the parabola
corresponding to the condition 2rC =L. This supercurrent has been attributed to Andreev
bound states made of closed trajectories connected by multiple elastic and Andreev reflec-
tions [S4], as schematically shown on Fig. S9b. Figure S9c demonstrates supercurrent in both
the semiclassical and the QH regimes. Although the magnitude of the supercurrent changes
between the two regimes (notice the change of the vertical scale between the left and the right
parts of the map), the transition between the two regimes is gradual, and both parts of the
map demonstrate mesoscopic variations of supercurrent as a function of the gate voltage.
To further illustrate the semiclassical behavior, we demonstrate the voltage across the junc-
tion V (B, I) measured in small steps around 100 mT at VG = 8.4 V (Figure S9d). In this regime,
rC ≈ 920 nm>L/2 = 320nm. Regions of superconductivity are clearly visible, corresponding
to V = 0, with a switching current ranging from 5 nA to 40 nA. These superconducting regions
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Supplementary Figure 9: (a) Landau level fan diagram dV/dI (VG, B) measured at 30 mK with
a relatively high AC excitation current of 5 nA, suppressing the supercurrent in the QH regime.
(b) Schematics of an Andreev bound state in the semiclassical regime rC & L, and in the
quantum Hall regime. (c) dV/dI(VG, I) measured on device J3 at 200 mT and 35 mK. The
left half of the map (from the white line) is a close-up view of dV/dI in a much smaller VG
and I range than the right half. The current scales for the left and right sides of the map are
respectively indicated on the left and right axes and differ by a factor of 8. The red dashed line
correspond to the condition 2rC =L. (d) Interference pattern |V (B, I)| measured at 100 mT in
the semiclassical regime at VG = 8.4V.
are much less periodic in field and vary greatly in amplitude, in contrast with the QH regime.
We illustrate the dependence of these superconducting pockets on B and VG, by measuring
them using the same AC excitation current of 1 nA at a) zero DC current, b) a medium DC
current of 6 nA, and c) a large DC current of 100 nA [Fig. S10(a-c)]. Strikingly, at zero bias
the sample remains in the superconducting regime throughout the map with very rare spots of
finite resistance. At IDC = 6 nA, we observe a random patchwork of superconducting regions
similar to Ref. [S4]. This indicates that superconducting regions mostly close and reopen at
random fields and densities, but a superconducting current of at least hundreds of pA remains
throughout most of this region. At large bias (100 nA), the junction is in the normal state over
the entire map, which becomes mostly flat, as expected.
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Supplementary Figure 10: Interference patterns dV/dI(B, VG) measured at a) zero DC current,
b) IDC = 6 nA, and (c) IDC = 100 nA. Supercurrent drops below 6 nA at random values of B
and VG, but a sub-nA supercurrent persists throughout.
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